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Identification of Free Oscillation Spectral

Peaks Using the Excitation Criterion

In this final annual report, we describe the work
of Jorge Mendiguren on the identification of free oscillation
spectral peaks by the new powerful method called "excitation
criterion". An intensive search of higher modes was done
using data for the July 30, 1970 Colombian deep shock.
Spheroidal oscillations, ranging from the fundamental to
the sixth higher overtone, and torsional oscillations up to
the third higher overtone were identified. Spheroidal
oscillations for periods smaller than 100 seconds were clearly
identified for the third and fifth overtone.

The standard deviation of the measurements was estimated
applying the excitation criterion to different subsets of
stations. Some of the eigenperiods measured for higher
overtones, especially the third and fifth overtones at
periods near 100 seconds were found to be very stable. Dis-
crepancies between eigenperiods for different subsets of
stations are as small as 0.01%. This is in agreement with
the idea of a lower mantlie with less important lateral
heteroger.eities than the upper mantle.

Compariscn of the eigenperiods determined for both the

hlaskan 1964 and the Colombijan 1970 eart..quakes showed




systematic differences. That difference is of the order of
0.3% for OT modes while for OS modes it is much smaller,
around 0.04%. There are indications that such a discrepancy
is also present for overtones. This means that the lateral
heterogeneities of the earth are such that, even with good
Coverage of stations, the average eigenperiods measured for
shocks with different epicenters and source mechanisms will
be different by a measurable amount.

The effect of the scuirce finiteness on the spectral
resolution was theoretically analyzed. We found that for
oscillations with wavelengths about 6 times the source linear
dimension or longer, the effect of source dimension is not
too important. A simple point source can be assumed if we
discard those stations where the theoretical amplitude of
the mode under study is ~2.5 times cmaller than the average
amplitude computed for all the stations.

The following paper by Mendiguren is reprinted from the

Geophysical Journal of the Royal Astronomical Society, 33,

1973,




Geophys. J. R. astr. Soc. (1973) 33, 281-321.

Identification of Free Oscillation Spectral Peaks for
1970 July 31, Colombian Dcep Shock using the
Excitation Criterion

Jorge A. Mendiguren -

(Received 1973 February 26)*

Summary

The cxcitation criterion was applied to idenufy spectral peaks of free
oscillaticns excited by the Colombian deep “ock of 1970 July 31. About
160 new overtones were 1dentitied. They range from , T to , T torsional
modes and from ,S to S spheroidal modes. Some of the moaes identitied
have periods below 90s. The standard deviation of the measured eigen-
periods is in general smaller than 0-1°,. Comparison of S and oT
eigenperiods measured lor the Alaskan (1964) and Colombian shocks
shows a systematic diltference. The ditlerence is larger than the error of the
measurement, and this indicates that the average eigentrequencies measured
for each event are biased by the cpicentre location. The ettect of lateral
heterogeneities of the Earth, aftershocks, und the choice ol source and
Earth model when using the excitation criterion are discussed in detail

1. Introduciion

In recent years there has been an increasing emphasis on the use of free oscillation
data to derive models of the Earth's interior, e.a. Press (1968), Haddon and Bullen
(1969), Dziewonski & Gilbert (1972a), Johnson (1972). Most ot the tree oscillaiion
data available for thosestudies correspond to modes with periods longer than 250-300s.
But it is clear that additional higher mode data wiil be necessary tor a more detatled
determination of the Earth structure (Wiggins 1972), and theretore new identitications
of overtones at shorter periods are highly desirable.

Unfortunately, for periods below 230-300 s it is not possible to obtain unambiguous
results using the conventional methods of spectral peak identification (Dzicwonski &
Gilbert 1972a). Those methods consist of comparing theoretical to observed ergen-
frequencies, combined with some additional criterion based on the ditference in
polarization for different modes (e.g. Benioll, Press & Smith 1961; Ness, Harrison &
Slichter 1961), or separation of shear and volumetric strains (e.2. Nowroozi 1965:
Smith 1966). Some of the limitations of these methods can be avoided using the
differential attenuation criterion proposed by Dratler et al. (1971), and extensively
used by Dziewonski & Gilbert (1972b) tor periods below 250s. This method is based
on the difference in attenuation for ditferent modes. and can be applied to idenufy
spheroidal modes with high Q values.

Another method which can be used at short periods is the criterion based on the
ray-mods duality; originally proposed by Brune (1964), it was later used by Alsop &

®Rece: /ed in original form 1973 February 9.
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282 J. A. Meudiguren

Brune (1965) and Nowroozi (1972). The identifications obtained using this method
have not been critically tested yet, and additional applications are nccessary for a clear
evaluation of its practical merits.

Unlike the earlier methods, the excitation criterion (Mendiguren 1972z, b, ¢, 1973)
renders rcliable identifications at all periods and can be applied to torsional as well as
spheroidal modcs, cven in those cases with low Q values. Theorctically this method
should work for any well-excited mode if its amplitude and phase at the observing
stations can be predicted using a suitable Earth and source model.

In the following sections, the excitation criterion is diseussed in more detail than
in former publications. And finally the results of its apglication to the frez o cillations
excited by the Colombian deep shock of 1970 July 31 are thoroughly displayed.

2. Theoretical and observed spectra of free oscillations

The basic assumption underlying the cxcitation criterion is that the observed
spectra of free oscillations can be predicted using suitable models for the Earth and the
source mechanism.

In this section it will be shown that for the case of the free oscillations excited by
the Colon:bian decp shock of 1970 July 31, a simple dcuble-couple source in a laterally
homogeneous carth is an adequate model to predict the spectra of the fundamental
spheroidal modes. 1n later sections this simple model is successtully used in the
excitation criterion sclieme to identify higher modes uriquely, and this indirectly
proves that this model is also suitable to predict the spectra of overtones. Saito's
formulae (Saito 1967) have been used in this study to computc the theoretical spectra.

The displacement spectra of free oscillations excited by a double-couple source,
having a step function as source time function aiid being imbedded in a laterally
homogeneous earth can be expressed as follows (Saito 1967):

UT= 3 5, T VT TR0 e 0
V=3 5T (R@STL 00+ T @S0 @
R m= " elen,

where

r,8,¢ = spherical co-ordinate svstem: r is mecasured from the centre of the
Earth; the 0 = 0 axes passcs through the hypocentre; ¢ is measured
counterclockwise from the fault strike direction.

j = radial order number.
n = co-latitudinal order number; order of Legendre polynomial.
m = azimuthal order number; degree of Legendre polynomial.
a = Earth radius.

w,, ; = angular eigenfrequency correspondirg to the mode of radial order ;.
t = time measured from the source origin time.

S, T = superscripts indicating spheroidal and torsional modes.

Y,’, ¥y = radial and 0 displacement eigenfunctions for spheroidal modes.
Y,T = ¢ displacement eigenfunction for torsional modes.

A, B = coeflicients which are functions of focal depth, Earth model and
orientation of the double couple.

T.”(0,9), S\",»(0,9), S;" , (0, ¢) = vector spherical harmonics

ol s
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Wentification of free oscillation spectral peaks
r e
= 1 av®
T 6.9) 0 v 3¢
s' i.n (0, ¢) Yu- 0

arr

1 oy~
sinf . a¢

5%3,.(6,¢) ¢

CoSs

Y (0,6) = P, cos0) ( mg)

sin
The hypocentre parameters used to compute 1 and 2 are those given by NOAA:
Origin time 17h 08 m 545
Latitude 1-5°S
Longitude 72-6°W
Depth 651 km
(Magnitude r, = 7-1)

Fa. 1. Equal area projection of the lower hemisphere. Open and full circles
indicate dilatations and compressions, respectively.
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284 J. A. Mendiguren

The nodal plane solution needed to compute A and B was derived from P wave
observations (Mendiguren 1972a) and it is shown in Fig. 1. Its parameters are:

Dip direction Dip Trend Plunge
Plane a NI22°w 58°
Plane b N75°E 2
Pressure axis N32°E 75°
Tension axis N116°W 12°
Null axis NIS3°E 8°

The HBI1-6 Earth model of Haddon & Bullen (1969) was adopted in this study but,
as discussed in Section 6. the selection of the Earth model is not critical in the excitation
criterion scheme. The corresponding free oscillations eigenfunctions were computed
using a program written by R. Wiggins (1968). Theorztical spectra were computed
for 83 WWSSN stations. while the observed specira was obtained from long period
seismometer records at those stations. A list of the stations is given in the Appendix.
The method of data processing is also described in the Appendix.

Figs 2 and 3 show the resulting theoretical radial displacement spectra for funda-
mental spheroidal modes compared to the observed ones at 20 stations. The main
features of the observed spectra are closely reproduced by the theoretical spectra of
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STATION LAW RADWAL COMPONENT

8e137°
p » 2084°

| | 1 1 | | 1
02 003 004 003 006 007 o8 009 oo
. FREQUENCY (CYCLES/SECOND)

FiG. 4. Theoretical linc spectra of the radial displacement of spheroidal oscillations
at LAH. Numbers under each line indicate the co-latitudinal order number.
*+" and ‘1" indicate thai the phase of the mode is O or respectively.

oS modes. The ,S spectra explain by itself most of the observed spectral features
because as shown in Fig. 4 for LAH station, »S dominates the vertical displacement
at that frequency range. The amplitude of the other modes is much smaller. The same
occurs at all other stations.

The close agreement shown in Figs 2 and 3 indicates that a point source in a
laterally homogeneous Earth is an adequate mode! to predict the actual displacement
spectra for this event. Limutations of this simple model due to lateral heterogeneities
of the real Earth and source finiteness will be discussed in later sections.

3. The excitation criterion applicd to the spectra observed at a single station

The close agreement shown in Fies 2 and 3 suggests that a simple method to
identify spectral peaks is to comnare iheoretical to observed spectra at single stations,
This technique was applied to the oscillations excited by the Colombian shock and
many overtones were identified. Some examples of those identitications on spectra
obtaincd fro:n records of WWSSN stations and the NE strainmeter at Nana (Pcru)
are shown in this section.

e e o
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Fia. 5. Theoretical and observed spectra of the radial displacement componert at KEV.
The numbers under the theoretical line spectra indicate the co-latitudinal order number.
‘+*and * I" indicate that the phase of the mode is 0 or = respectively.
Fig. 5 shows part of the radial component spectrum observed at KEV compared
to the theoretical spectra o different spheroidal modes. The identifications of the S
peaks are based on the dominant excitation expected for those modes ard the agree-

ment between the theoretical shape of the | S spectrum and the main teaturcs of the
observed one. The other modes arc not so well exciied and the spacing between
theoretical peaks does not match the observed one.

In a similar way, Fig. 6 sliows .S peaks identified in the co-latitudinal displacement
spectra at ESK. (S modes tde.itificd at ATU are shown tn Fig. 7.

Usually the ;S peaks in the colatitudinal component spectra are confusingly mixed
with ¢S peaks in the frequency range shown in Fig. 8, but ir the particular case of
BOG the extended node in the ,S spectra makes the ;S peaks clearly visible. The
theoretical prediction of the node in ,S spectra gives support to those identifications.
At both sides of the node the tdentifications are less reliable.
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FiG. 6. Theoretical and observed specira of the co-laritudinal displacement
componeni at ESK.

The spheroidal modes have an azimuthal displacement component of very small
amplitude when compared to the radial or co-latitudinal ones and their corresponding
peaks have never been observed before. As their amphtude goes like | isin@ (see the
¢ component of 5™, , in expression (3) they only could be observed close to the
epicentre or its antipodes. Fig. 9 shows some of those peaks corresponding to the
oS modes identified in an extended node ot the , T spectra at BOG, only 6.0 km from
the epicentre. At both sides ot the node ol , T the peaks are contusedly intermixed
and no clear identification is possible. Fig. 10 shows a more complete thecretical
spectra of the azimuthal component at BOG. Only the knowledge of the theoretical
spectra makes those identifications reliable.

The strain spectra observed by the NE component strainmeter at NNA s shown
in Fig. 11 in comparison with the theoreucal one. As the NE component strainmeter
is directed at an angle x = 17~ from the station to epicentre direction, its spectrum
shows intermixed torsional and spheroidal peaks. The theoretical strain was computed
as a function of the ¢pg, Coa, Coq Strains as follows.

€,y = Cpg COSZ A +0Cyq SIN2 A+ oy SN X COS X

€es, €00 and c,, Were computed taking appropriate derivatives of the displacement
given by expressions (1) and (2). The agreement shown in Fig. 11 indicates that our
simplified source and Earth models arc also vahid at the lowest frequency range.
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function simulating the elfect of the finite record length. o7 modes have been
slightly displaced toward lower frequencies 10 match the observations. oS, und
382 to 28, require larger amplinudes to match the observations. Those observed
peaks indicated with a question mark have not a theoretical equivalent ang are
attributed to recording noise.
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All these examples indicate that if the spectra at only a few stations are available,
some of the observed peaks can be identificd by comparing theoretical to observed
amplitude spectra at single stations. Usually this approach renders more convincing
identifications when onr!y one mode dominates the spectrum, like the ,S modes in
Fig. 6. Those modes with smaller amplitude cannot be unambiguously identified
using this techuique. In those cases the method described in the next section should
be used.

-

4. The excitation eriterion ayplicd to spectra observed at many stations

The spectra indicated as 14,1, |4,/ and |4, in Figs 12 and 13 are the absolute
value of radial, co-latitudinal and azimutihal spcctra respactively, summed over all
stations. This summation does not help much to identily particular spectral peaks
but enhances modes which are well excited, like those S peaks between 0-02 and
0-055 cvcles/sec in |A,l or the sequence of (S peaks in the same spectrum between
0-07 and 0-008 cycles/sec. Similarly a clear sequence of equally spaced S peaks is
observed in |4} between 0-0075 and 0-0086 cycles/sec.

A, in Figs 12 and 13 is the spectrum resulting from vectorial summation (phase
and amplitude taken into account) of the same radial spectra used in [4,]. The
difference between 4, and |4,! is striking, most of the peaks well developed in | 4,] have
disappeared in A,. This is due to the fact that for t = 0 the phasc of a peak at a given
station can be 0 or r (sce expression (1) and (2)). The phase of a given peak is m at
some stations and 0 at others and when the spectra are vectorially added those peaks
tend to cancel cach other. ,S,¢ in A, is a clear exception; it shows a large amplitude
because it just happens that it has the same phase at almost all the stations.

It is possible to make the phase of a given mode the same in all the spectra by
adding = to the observed spcctra of those stations where its theoretical phase is 7 and
leaving the remaining spectra unchanged. By doing that, the phase of the mode
becomes cqual to 0 at all stations and its peaks will add constructively when vectorially
added. The result of such a summation atter phasc shift tor the (S,, mode is shown
as A, » P in Figs 12 and 13. Now S, dominates the sncctrum: most of the other
peaks have almost disappeared because thev have a difierent phase at different
stations. Note that oS-, has disappcared now. Some peaks, such as ¢S, at the right
of ¢S,,. have intermediate amplitudes because they have a spatial phase distribution
close to that of ,S.,. Thenitis clear that having a large number of spectra of stations
all over the world and finding a swtable source and Earth model to predict the spectra
at each station it is possible to filter out and unambiguously identify any peak if it is
sufficiently well excited. Figs 14 to 28 show the result of application of this method
to cases where the author believes that the identitication is correct and the measured
eigenfrequcncy is accurate. Doubtful cases are not shown. Particular comments on
each mode identirication are given in the Appendix. The displav of detailed results
has the purpose of allowing a critical analysis of these identifications when used for
inversion.

Table | gives the eigenperiod measured in each case. The cigenfrequency was
found by polynomial interpolation over 4 points of the discrete amplitude spectra.
In order to enhance the signal to noise ratio the spectra at those stations where the
theoretical amplitude of the mode under study was less than 0-5 umes the average
amplitude were discarded before summation. The resulting eigenperiods are an
amplitude weighted average over all observing stations. This scheme has the effect of
assigning weights proportional to the signal to noise ratio. Identitications only up to
the sixth spheroidal overtone and third torsional overtone were attempted in this study.
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Table 1

Eigenperiods found using the cxcitation criterion. * T and * S.D.' are the measured
eigenperious and the corresponding standard deviations in seconds. * Defra”® is the
difference in seconds between the eigenperiod measvred wsing all stations and the average

13
14
18
16
17
18
19
20
21
22
2
24
25
26
27
28

30
31
32
3

3
36
37
k1]
39
41
42
43
45
47
49
51
53

s
56

58
59

16
18
21

T

472-979
448-201
426056
406:746
389-134
374-010
360-112
347-505
335-811
325059
315-213
306279
297-664
289- 601
282-181
275-113
268-436
262:060
255-952
250-309
244-919
239585
234:579
229-806
225215
220-742
216-478
212-381
208347
204:579
200-927
197378
193-875
190-624
187-258
184-289
181-002
178-351
175-267
172-541
170-089
167-368
164-840
162-482
160- 265
157-844
155-011

T

298-930
274:782
245-017

over four subsets of stations.

Observed eigenperiods

OS- ISI
S.D. Delia n T . S.D. Delta
0-072 ~0:000 23 229-347 0-057 0-006
0-074 0-013 29 190- 894 0-115 0-000
0-050 0-000 36 161-353 U-087 -0-058
0-103 -0-022 38 154-758 0-079 0-040
0-118 0007 k) 151-475 0-001 -0-001
0-048 0-042 q1 145 832 0-052 0-007
0-056 -0-011 42 143-047 0-121 -0-103
0-057 0-010 44 138-559 0-410 -=0-048
0-100 -0007 S0 125-386 0-282 -0-118
0-027 —-0-004 52 121-955 0-032 -0-013
0116 -0-021 53 120-074 0-034 0-014
0-065 0-030 s 116-581 0-052 0-009
0-013 0005
0-026 -=0-000
0-054 0-005 25,
0-054 -0-024 n T S.D. Delia
g,gg; 8‘8?3 6 595-011 0-756 0-039
0-110 0-009 7 535-260 0990 0-279
0-095 0-019 10 415-916 0-770 -0-279
0:133 0-030 11 387-999 0-207 -0-082
0-038 —0-008 14 325-867 0-462 -0-042
0-036 —0-009 15 306-400 0-407 -0-336
0-015§ —0:002 28 169-251 0-033 -0-002
0-033 0-001 29 164587 0-097 -=0-043
0-03$ - 0-004 30 160-553 0:031 0-010
0-029 0-003 k]| 156-616 0-094 —-0-043
0-022 0-001 32 152-684 0-037 0-010
0-031 0-004 3 149-169 0-15§ 0-094
0-028 —0-000 35 142-614 0-074 -0-008
0-041 -0-002 36 139-507 0-041 0-002
0:093 —-0-040 38 133-858 0-104 0-086
0-139 0052 39 131-134 0-060 0-016
0-021 0-004 40 128-538 0-002 -0-001
0-115 0-037
0-075 -0-017 s
. 9 b I
88:; _838; n T S.D. Delta
0-047 0-005 7 371856 0-108 -0-075
0-064 0-015 8 354-296 0-183 0-021
0-130 0-033 9 338-464 0-803 0-374
0-066 0-076 10 323-954 0-152 ~0-057
0-060  -0-006 1 310-149 0-260 0-174
0-032 —0-002 12 297-475 0-075 -0-006
13 284-982 0-050 -0-029
o
S : : -0
S:D. Delra 16 251-984 0033  —0:003
0-398 -0-047 17 242-443 0-125 -0-024
0-282 0-035 18 233286 0-120 -0-077

0:278 0-004 19 224:910 0-121 -0-019




TR ST ST TR TR, M, (S R e .

298

32
k]
34
K} ]
36
37
38
39

41

24
25
26
27
28

30
3
32
33

3s
36
37
k1
39

41
42
43

46

T

216-949
209-564
202-620
195-938
190-068
111-451
109-476
107-776
105-976
104-197
102- 58S
101-141
99-462
98-014
96-439
94-961
93-725
92:336
90-103
88-882
87-654

T

135-649
132-825
129-931
127-243
124668
122-242
119-843
117-608
115-436
113-375

T

147-027
143-594
140-266
137-122
134-064
131-176
128-477
125-881
123-433
121-030
118-768
116-633
114-527
112:543
110-590
108-665
106- 850
105-051
103-354
101-707
100-079
97-040

S.D

0-064
0-035
0-047
0-295
0-033
0-033
0-082
0-032
0-094
0-101
0-074
0-032
0-084
0-020
0-069
0-052
0-193
0-184
0-001
0-000
0-031

S.D.

0:071
0-102
0-063
0-030
0-045
0-019
0-035
0-035
0-077
0-021

lSI
S.D.

0-028
0-019
0-066
0-047
0-057
0:020
0-061
0:056
0:-053
0:017

200
SEeR
wO o

288882888

200000000
S S

o
—
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Table 1 (continued)

Delta

0-010
0-014
0-001
0-066
-0-011
—0-00)
0-319
0-010
0-049
-0-070
0-029
0-008
0-059
—0-006
-0-013
—0-036
0-161
-0-013
—0-000
0-000
-0:-011

Delta

-0:001
0-011
-0-014
0-007
0:006
—0-001
0-009
0-025
0-019
0-001

©cooo0o0000
S82888
W G
N O W

g8

o I

10
11
12
13

15
16
17

19
20
21
22
23
24

-

26

T

172-342
166-159
160-577
154-973
150-090
145-756
141:909
138329
134-794
131-784
128-697
125-951
123-514
121-043
114:452

T

574-487
539-946
506-832
477-511
452:933
431:229
410350
392-354
374-555
358-7118
346-142
332-855
321-953
310-362
300-186
290- 660
281-887
264-934
257-830

T

475-191
438-962
407-752
381-228
359-0M7
339-239
322-837
306-996
293-364
280-515
269-202
259-092
249-158
240-977
232-529
225-190
218-379
211-948
205-853
200-270

S

S.D.

0-104
0201
0-218
0-084
0-045
0-017
0-031
0-053
0-053
0-034
0-101
0-036
0-080
0-019
0-073

S.D.

0-181
1:233
0-306
0-281
0-220
0-590
0-210
0-259
1:086
0174
0-286
0-251
0-351
0:322
0-260
0-079
0-321
0-178
0-325

S.D.

0:617
0-393
0-797
0-504
0-486
0-151
0-398
0-197
0-0%4
0-151
0-253
0-343
0-155
0-224
0-112
0-052
0-141
0-024
0-103
0-040

Delta

-0-079
—0-026
-0-183
-0:063
0-030
0-000
=0-007
0-049
-0-020
—-0-018
-0:072
0:007
0:001
=0-015
0-032

Delta

0-041
0-155
0-183
0-141
-0-018
-0-070
=0-095
0-098
-0:738
-0:033
-0-028
0-110
0:002
-0-077
-0:022
—0-047
0-198
-0-024
0-083

Delta

-0-096
0-067
-0-307
0-098
—-0-006
0-172
-0:075
0-009
0 CC6
—0-054
0:113
0-138
0-044
0-048
-0-001
-0-010
-0-011
0-007
0-034
0-001
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Table 1 (continued)

1T 'Y

n T S.D. Delta n T S.D. Delta
27 194-943 0022  —0-016 25 1714123 0126  —0-033
28 190085 0109  ~0-03§ 27 162- 581 0-138 0-000
2 185-338 009  —0-020 28 158409 0150  —0-037
3l 176-849 0-130 0053 29 154- 571 0-049 0-005
32 173-027 0324 —0-205 12 134201 0-210 0-016
3 169-156 0-041 0-019 37 130-406 0268  —0-172
34 165-715 0-085 0-064 18 128- 163 0-099 0-055
3s 162-356 0032  —0-008 4 121-571 0048  —0-007
36 159113 0-022 0-018 ) 119-330 0-172 0-177
37 155-982 0-03 0-013

8 153-165 0115 —0-060

39 150-253 0-056 0-008

“ 147- 681 0007 0-007 T

4 145-121 0-049 0-006

£ 142-661 0-052 0-010 n T 5Dk Defta
4 140-230 0-111 0-006 17 189-973 0247  —0-154
4“4 137-960 0-082 0-021 19 178-10% 0:080  —0-016
45 135-638 0330 —0-285 24 154-509 0184  —0-110
4 131-592 0222 —0-101 25 150663 0047  —0-025
4 127651 0021  —0-012 2 116-936 0310 —0-189
s1 124-127 0539  —0-41l 28 140-390 0:09  —0-067
4 119-127 0-050  —0-004 29 137-193 0067 0-020

5. Accuracy of the measured eigenperiods

The error in the eigenperiods determined by vectorial summation of spectra was
estimated as follows. The stations were grouped into four subscts based on the
geographical location with respect to the epicentre. The first subset includes those
stations located at epicentral distance between 0 and 5°, 10" and 15°, 20° and 25° and
so on. The second subset includes the remaining stations. The third subset was
formed with those stations located at azimuth between 0" and 5°, 10° and 15°, 20° and
25° and so on. The fourth subset includes all the stations not contained in the third
subset. This particular way of grc uping stations has the charactenstic that each subset
sajaples approximately the same regions of the Earth. Therefore 1t is expected that
the bias introduced by the ditierent combination of stations on the measured eigen-
periods may be minimized. The tluctuations in the eigenperiods found for each subset
results primarily from crrors due to noise, data handling, and an unknown efiect of
combining different station data. The excitation criterion was applied separately to
each one of these subsets and the eigenperiods were measured. In gencral, the
difference in eigenperiods among subsets is very small and indicates that the excitation
criterion renders stable results. In maay cases the summation of only 20 spectra gave
stable estimatcs of overtone eigenperiods. The difference between the average eicen-
periods over the four subsets and the eigenperiod found from a combination of all
stations is given in Table 1. The standard deviation of the civenperiods determined
using all stations was estimated dividing the standard deviation tound fo- the subsets
0y /2, as each subset contains hali’ the total number of stations. The standard
deviation of each measurement 1s listed in Table 1. Those standard deviations are of
the same order of the SEM found for the Alaskan earthquake tree oscillations
(Dziewonski & Gilbert 1972a) for those modes identitied in both cases. This agree-
ment indicates that summing vectorially the spectra or taking the average over
measurements at sin2le stations gives results of a similar accuracy.

The average standard deviation tor 8,4 to 4Ssa eigenperiods measured at different
subsets is 0-025 per cent. As each subset samples the same region of the Earth, the
average 0-025 per .ent may be considered the minimum exyected bias introduced by
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the arbitrary selection of st
determination,

Figs 29 and 30 show the S, and o T, cigenperiods measured for the Aluskan and
Colombian events, taking the average eigenperiods published by Derr (1969) as
reference.

The mean difference between Derr's eigenperiods and the Colombian data in the
range from ,S,, to ,S,, is +0-030 per cent while the mean difference hetween Derr's
averages and the Alaskan duta is 0-0358 per cent. The Colombian « 'ta is closer to
Derr’s averages than the Alashan data. but while the tines for the Alaskan and Colom-
bian shock are ronghly paraltel to each other, they show a more erratic departure trom
Derr’s averages. This demonstrates consistency of data obtained for the Alaskan
and Colombian shock and also sugocests that the Derr’s data have laree scattering.
The systematic dilfercnee between the sizenperiods on the Alaskan and Colombian
shocks in the range fr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>